THE classification of carcinomas arising in the liver into liver cell carcinoma and carcinoma of the intra-hepatic bile ducts was put forward by Goldzieher and von Bokay (1911) and supported by Yamigawa (1911) . In the literature that has since appeared differences between these tumours in their behaviour, incidence and possible causative factors have not been sufficiently investigated or appreciated for them to be regarded as separate tumours. There has been a tendency to regard them as histological variants of a homogeneous group of tumours and to group them on a regional basis as carcinoma of the liver. Tumours of the liver have attracted special interest on account of their geographical and racial distribution. This paper is based on 105 cases of carcinoma of the liver and biliary tract found among 9893 post-mortem examinations during a 61 year period in Singapore, where, as in other parts of South-East Asia and South China, liver cell carcinoma occurs with alarming frequency. In presenting a summary of the pathological evidence gathered from this series, I shall endeavour to illustrate significant differences between carcinomas derived from the liver cells and bile ducts and to strengthen the view that the distribution of the disease is dependent on environmental rather than genetic factors.
The tumours belonged to the following groups:
Liver cell carcinoma (hepatocellular carcinoma) Liver cell carcinoma The cytological appearance, the architectural pattern and the stromal reaction are usually distinctive. The tumour cells are usually polygonal and fairly large and have a resemblance to liver cells; the cytoplasm is abundant and granular and may occasionally contain droplets of bile or globules of fat. Cellular pleomorphism is frequently displayed and giant cells may dominate the picture. A trabecular structure consisting of anastomosing columns of cells reminiscent of the corded architecture of the normal liver is a striking microscopic feature which is nearly always evident if sufficient tissue is examined. The stroma is scanty and typically consists of little more than an endothelial lining investing the tumour cords and forming an "open" vascular network.
Structural variations are common: parts of the tumour may exhibit an alveolar pattern, there may be widespread areas of disorderly or "sarcomatous" structure and there may be a variable fibrous tissue stroma. Although individual characteristics preponderated in some tumours, they did not appear to represent any fundamental difference or to provide a satisfactory basis either to subdivide the tumour into a number of histological types or to grade them according to degree of malignancy.
The exhibition of an alveolar pattern by liver cell carcinoma has been widely accepted (Stewart, 1931; Ewing, 1940; Berman, 1951; Edmondson and Steiner, 1954) , but although Tull (1932) is perhaps the only author to deny this the histologic discriptions in literature suggest that carcinomas of the liver have sometimes. been classified as cholangiocellular carcinoma because a variable portion had shown an alveolar structure. It is therefore emphasised that an alveolar structure occurs frequently in liver cell carcinoma. It was found in 29 cases in this series: cleft-like spaces were seen in many tumour cords and these could be traced into well developed lumina; some tumours consisted largely of alveoli lined by single layers of cells.
Carcinomas of the biliary tract
Carcinoma of the intra-hepatic ducts. (Wells, 1903; Koster and Kasman, 1932; Bonne, 1937; Gustafson, 1937; Mallory, 1940; Ewing, 1940; Allen and Lisa, 1949; Liu, 1953; Edmondson and Steiner, 1954) who have variously designated them" mixed tumour" "duplex type" "intermediate type ',"carcinoma of dual origin ", "cholangiohepatoma ", "hepatobiliary carcinoma" and "combined liver cell .and bile duct carcinoma ". The recorded cases have either been separate neoplastic masses which occasionally fused in collision or individual mases displaying an intimate mixture of both features. The term "cholangiohepatoma" and its synonyms imply a single neoplasm that is the product of a simultaneous malignant change in the liver cells and bile ducts. It is doubtful if such tumours ever occur and the fact that most of the recorded tumours have been in extensively cirrhotic livers (Ewing, 1940) and in males suggests that many of them are histological variants of liver cell carcinoma; such a conclusion has indeed been reached by some authors (Liu, 1953; Edmondson and Steiner, 1954) . Should separate hepatocellular and cholangiocellular tumours occur fortuitously in the same liver it would be preferable to name them individually and to avoid the abovementioned terms even if they have fused in places. Single tumours with mixed features would probably reveal their identity if more tissue is examined microscopically, and in the exceptional instance where the diagnosis remains in doubt it would be preferable to classify the tumour as a hepatic carcinoma of undetermined origin.
Gross Pathology Liver cell carcinomas (86 cases)
The majority of tumours appear as multiple nodules or as massive growths measuring from 10-20 cm. in diameter with a few outlying nodules; less often they appear as poorly defined infiltrations. They are usually soft or pulpy, become crumbling and pultaceous with the onset of massive necrosis and present a variegated appearance due to haemorrhage and biliary impregnation. The hepatic surface commonly presents bosses of tumour tissue which in some instances may even be larger than the rest of the liver and project down to the pelvic brim. Rupture of the tumour with intra-abdominal haemorrhage is a frequent termination (19 cases in this series); in exceptional cases this may be the first clinical manifestation of the disease. With few exceptions the liver is appreciably enlarged; in this series the weights of the liver ranged from 870 g. to 6805 g. with an average weight of 2730 g.
The site of origin: The tumours are usually widely disseminated throughout the liver and it is often difficult to decide on the primary focus of origin. In his monograph on hepatic carcinoma, Berman (1951) recorded a remarkably high -tumour incidence in the right lobe and stated that it was highly probable that carcinogenic agents absorbed from the small intestine may be "streamlined" through the portal vein into the right lobe of the liver. The findings in the present series which are set out below do not support this view: Growth and metastases: Direct infiltration of the liver was seen in all the cases in this series and in 10 cases there was invasion of the adherent diaphragm. Gross tumour extensions into branches of the portal vein and, less frequently, the hepatic veins were present in 70 (81 per cent) cases and constituted one of the most striking macroscopic features. The main trunk of the portal vein was often distended with tumour tissue and blood clot; in 6 cases the tumour extended into the inferior vena cava and in three of these it extended further into the cavity of the right atrium. There were frequent and widespread intra-hepatic metastases but bloodborne extra-hepatic metastases were found in only 28 (32 per cent) cases (lungs in 25, stomach in 3, pancreas in 1). Lymph nodal metastases restricted to the abdomen were found in 12 (14 per cent) cases and peritoneal metastases in 2 cases.
The relative infrequency of extra-hepatic metastases in hepatocellular carcinoma is of interest in view of the extreme venous invasion that is often demonstrable and the readiness with which carcinomas of the biliary tract metastasize. In considering this difference, which has been reported previously (Ewing, 1940; Hoyne and Kernohan, 1947; Edmondson and Steiner, 1954) and is probably due to an inherent character of the tumour cells and their environmental requirements, it may be pertinent to quote the experimental results of Cameron and Oakley (1934) who observed an analogous difference between liver cells and duct cells. In a study of autoplastic transplants of the liver in rats they found that whereas the bile ducts successfully maintained their existence for a long time the liver cells soon began to degenerate and finally dissappeared. (Snijders and Straub, 1923; MacCallum, 1928; Ewing, 1940) . They show a greater tendency to involve the hilar portion of the liver and the gross appearances may suggest duct origin: in one of the cases in this series there was localised hydrohepatosis following malignant obstruction of an intra-hepatic duct, in another there was polypoidal tumour extension into the duct lumen and in a third there were warty tumour nodules in the wall of a bile duct cyst associated with tumour nodules in the liver. Five of the tumours involved the right lobe more extensively and three the left. Changes in the liver: Portal cirrhosis was demonstrated in only one case. The intra-hepatic ducts contained calculi in 3 cases and liver flukes (C. sinensis) in one case.
Growth and metastases: The massive venous invasion characteristic of hepatocellular carcinoma is not found but metastases are relatively frequent and widespread. In this series there were blood-borne metastases in five of the eight cases (lungs 5, pancreas 1, kidney 2, heart 2, bones 3, dura mater 2). Spread along the lymphatics and bile ducts may lead to involvement of the extra-hepatic ducts; this was found in 3 cases.
The clinical features resemble those of hepatocellular carcinoma but it may be observed that the symptoms of abdominal haemorrhage and extreme venous invasion are not features of cholangiocellular carcinoma. They are as rapidly fatal as liver cell tumours; all the cases in this series died within 6 months of onset of symptoms, death being attributed to cachexia (3 cases), metastases (2 cases), terminal pneumonia (1 case) and other diseases (2 cases).
The macroscopic appearances and behaviour of cholangiocellular carcinoma were found to resemble those of carcinoma of the extra-hepatic biliary tract which are usually diffusely infiltrating schirrous tumours and may exhibit polypoid or mucoid characteristics. The hepatic changes depend on the situation and duration of the tumour and jaundice is frequently the major symptom. Direct invasion of the liver and widespread blood-borne metastases are frequently found. Berman (1951) . Similarly, Snijders and Straub (1923) found a ratio of 79: 4 (19.8: 1) among the Chinese and Javanese in Sumatra, and in the present series the ratio was 82 : 7 (11.7 : 1) among the Chinese. Tull (1932) recorded a ratio of 99: 35 (2.8: 1) in a series from Singapore but this high proportion of cholangiocellular carcinoma is almost certainly due to his non-acceptance of any tendency of liver cell carcinoma to assume an alveolar pattern.
The predisposition of certain races to develop hepatic carcinoma raises the question of whether it is due to genetic factors or to environmental factors or to both. The high incidence of hepatic carcinoma in certain strains of laboratory mice bred from an ancestry with hepatic tumours (Slye, 1916; Gorer, 1940; Pybus and Miller, 1942) has lent support to the theory that the tendency to develop the disease is inheritable. There has, however, been no real evidence of such an inherited tendency in humans in whom the controlling influence of environmental conditions is shown by the relatively low incidence of hepatic carcinoma in the American Negro (Kennaway, 1944) and the distribution of the disease in Africa (Gillman, Gillman and Gilbert, 1950) . Chinese patients have figured prominently in series of hepatic carcinoma in Western countries but most of them have been China-born immigrants who have been in their new environment for relatively short periods. The high incidence among Chinese in this series was restricted to the immigrants and those born in Singapore showed no undue susceptibility to the disease (Table III) . Of the 73 cases of liver cell carcinoma where information regarding the place of birth was available only one was born in Singapore, four were born in neighbouring countries and the remaining 68 cases (93 per cent) occurred among those born in China, all of whom were from the southern provinces of Kwangtung and Fukien and the island of Hainan off the South China coast. An overwhelming majority of the Chinese immigrants in Singapore are also from these parts of South China. All four Indians with liver cell carcinoma were born in India.
A relatively greater number of Singapore-born Chinese belong to the lower age groups and, as 95 per cent of liver cell carcinomas occurred above the age of 30 years, the relatively high incidence among China-born Chinese in Table III is also due to selection. The age distribution of the census figures is not available but that of 1000 consecutive Chinese patients is provided in Table IV Table III , is nevertheless significant. As there is hardly any genetic difference between the immigrant Chinese and the indigenous Chinese of Singapore of whom a great majority have been in Singapore for less than 3 to 4 generations, these findings indicate that the occurrence of the tumour was not due to any inherited susceptibility but to some difference in the environment or mode of life to which these groups of people have been subjected.
Age
The cases of liver cell carcinoma ranged from 19 years to 74 years with a maximum frequency in the fifth decade (43 per cent of cases) followed by the sixth decade (30 per cent of cases) and the fourth decade (14 per cent of cases). A liver cell carcinoma found in an infant aged 13 months was considered to be probably a hepatoblastoma and excluded from this series.
The age distribution of carcinoma of the intra-hepatic ducts was between 40 and 70 years, that of carcinoma of the extra-hepatic ducts between 37 and 60 years and that of carcinoma of the gall bladder between 45 and 68 years. Ewing (1940) observed that cholangiocellular carcinoma tends to occur at later ages than liver cell carcinoma.
Sex
An overwhelming majority of liver cell carcinomas occurs in males. Furthermore, it has been observed that male animals are more prone to develop experimentally produced liver cell carcinoma. On the other hand, accounts in the literature indicate that females are more frequently affected by carcinomas of the biliary tract. In this series, however, all the carcinomas of the biliary tract occurred in males, but in view of the small numbers of these tumours and the fact that more than 80 per cent of necropsies above the age of 30 years were on males, no conclusion is drawn regarding sex predisposition. The decided frequency of carcinoma of the gall bladder among females is well known (Mohardt, 1939; Arminsky, 1949) . Carcinoma of the extra-hepatic ducts has been recorded more frequently in males but published figures show that the sexes are almost equally susceptible (Kirshbaum and Kozoll, 1941; Neibling, Dockerty and Waugh, 1949; Willis, 1953 ). An analysis of recorded cases indicates that carcinoma of the intra-hepatic ducts occurs more frequently in females (Gustafson, 1937; Hoyne and Kernohan, 1947; Charache, 1939; Ewing, 1940; Edmondson and Steiner, 1954) .
Portal cirrhosis
Portal cirrhosis is the most frequent precancerous lesion associated with liver cell carcinoma; it is not commonly associated with carcinomas of the biliary tract. In this series it was present in 81 (94 per cent) cases of liver cell carcinoma, one case of carcinoma of the intra-hepatic ducts, one of carcinoma of the extrahepatic ducts and none of carcinoma of the gall bladder. The striking difference between the incidence of cirrhosis in hepatocellular and cholangiocellular carcinomas has been acknowledged by many writers (Goldzieher and Bokay, 1911; Smith, 1933; Stewart, 1931; Snijders and Straub, 1923; Liu, 1953; Willis, 1953; Gustafson, 1937; Greene, 1939; Edmondson and Steiner, 1954) .
The frequency of carcinomatous change in cirrhotic livers was found to be 3.4 per cent by Stewart (1931) in a series from England and 9.3 per cent by Rosenthal (1932) in a series from America; in an analysis of 1989 cases of cirrhosis reported by different authors in Europe and America, Berk and Lieber (1941) found carcinomatous change in 4.5 per cent. Liu (1953) observed malignant transformation in 12.6 per cent of cases of cirrhosis in a series from China and Kouwenaar (1932) estimated that it occurred in 20 to 25 per cent of cirrhotic livers among the Javanese. From the findings in this series, shown in Table V , several observations may be made. Firstly, cirrhosis is shown to be relatively prevalent, being demonstrable 
(3.6%)
. 324 (7.6%) 81 (23.0*%) in 3'6 per cent of all necropsies and 7-6 per cent of necropsies over the age of 30 years. Secondly, there was an unusually high rate of malignant transformation in cirrhotic livers especially among the Chinese; 23 per cent of all cases of cirrhosis showed liver cell carcinoma. Thirdly, malignant transformation in cases of cirrhosis was decidely more frequent in males (25 per cent) than females (10.2 per cent). Edmondson and Steiner (1954) have also observed that women with cirrhosis are less likely to develop liver cell carcinoma.
Infective hepatitis Sheldon and James (1948) and Walshe and Wolff (1952) have recorded cases of liver cell carcinoma following hepatitis. Hepatitis is a fairly common disease in Singapore but there is no accurate information regarding its incidence.
Haemochromatosis
The association of liver cell carcinoma with haemochromatosis is well known, and although some authors have held the view that this is due to the coexistent cirrhosis (Stewart, 1922; Rosenthal, 1932; Sheldon, 1935) , the consensus of opinion is that it is more frequent than in uncomplicated cirrhosis (Rowen and Mallory, 1925; Althausen and Kerr, 1927; Gustafson, 1937; Berk and Lieber, 1941) . The only case of haemochromatosis in this series was associated with liver cell carcinoma.
Carcinoma of the intra-hepatic ducts, on the other hand, is not associated with haemochromatosis; the only case on record is by Oshlag, Martin and Binford (1945) but their histologic description that the tumour consisted of cords and acini of large polyhedral cells arranged in a lobular pattern somewhat like that of preexisting liver is typical of liver cell carcinoma.
Dietary factors
The distribution of hepatic carcinoma among peoples in whom malnutrition is common, and the observation that hepatic disease may follow dietary deficiencies and the oral administration of toxic substances have led to the supposition that the main causal factor in the production of liver cell carcinoma is dietary. This view is strengthened by Copeland and Salmon's (1946) observation that deficient diets may predispose to hepatic carcinoma in experimental animals. Such a relationship may well play a part in man but has not been proved.
Cholelithiasis
There is a close association of gall stones with carcinoma of the gall bladder (Mohardt, 1939; Arminsky, 1949) and, to a lesser extent,with carcinoma of the extra-hepatic ducts (Marshall, 1932; Ewing, 1940; Kirshbaum and Kozoll, 1941;  Neibling, Dockerty and Waugh, 1949); in both instances the occurrence of calculi is much greater than in any control group of cases and is probably related to the development of carcinoma.
Cholelithiasis is exceptionally rare in liver cell carcinoma but is more frequently associated with carcinoma of the intra-heaptic ducts. Sanes and MacCallum (1942) reported two cases of cholangiocellular carcinoma associated with hepatolithiasis and put forward the view that a calculous cholangitis was a possible causative factor; Brunschwig's (1953) case of a hepatic carcinoma in a woman who had an operation for calculi was also stated to be a cholangiocellular carcinoma. In this series gall stones were present in the gall bladder in only 2 (2.3 per cent)
cases of liver cell carcinoma but were present in 3 of the 8 cases of carcinoma of the intra-hepatic ducts, in two of which they were located within the liver in association with the primary growth.
Parasites
A causal relationship between hepatic carcinoma and parasitic infestations of the liver has been supported in view of the high frequency of schistosomiasis in South Africa (Pirie, 1921) and clonorchiasis in South China (Maxwell, 1928; Strong and Pitts, 1930 and Liu, 1953) . It is not unreasonable to suppose that parasites may predispose to tumour growth but the existing evidence in favour of such a relationship is insufficient and consists only of a certain similarity in the geographical distribution of both diseases and their occasional coexistence in the same case. In Java and Sumatra, where schistosomiasis is not indigenous, helminthic infestations have played no part in the incidence of hepatic carcinoma (Bonne, 1935; Hartz, 1945) . Hoeppli (1933) studied 66 cases of clonorchiasis and found only one case with portal cirrhosis and none with either carcinoma or any change that could be regarded as a precancerous stage. In a study of 500 cases of clonorchiasis, Hou (1955) found no direct relationship between parasitic infestation and portal cirrhosis but observed that a malignant change in the bile ducts was one of the most serious consequences of the disease.
Clonorchiasis and schistosomiasis are unknown among the indigenous people of Singapore who have not been shown to be prone to develop hepatic carcinoma.
Among the immigrant Chinese in this series there were 8 cases of S. japonicum infestation of the liver in two of which there was associated liver cell carcinoma, and 67 cases of C. sinensis infestation among which there was one case of cholangiocellular carcinoma and none of liver cell carcinoma.
DISCUSSION
An analysis of the findings in this series together with data culled from literature shows that there are several significant differences between liver cell carcinoma and carcinoma of the intra-hepatic bile ducts besides their microscopic features.
Liver cell carcinoma occurs predominantly in males and especially among certain Oriental and African peoples. Portal cirrhosis is found in a majority of cases and appears to be the most significant amoug the various predisposing factors that have been suggested; further investigation is necessary before the roles of dietary deficiencies, infective hepatitis and parasitic infestations may be assessed. The growth of the tumour is characteristic by extensive venous invasion but extrahepatic metastases are surprisingly infrequent. On the other hand, carcinoma of the intra-hepatic bile ducts occurs more frequently among females and does not show the racial predilection or the association with portal cirrhosis observed in liver cell carcinoma. It appears possible that the presence of parasites or calculi in the intra-hepatic ducts may be predisposing factors. Furthermore, extrahepatic metastases are frequent and widespread although gross tumour invasion is not featured.
In all the aforementioned points carcinoma of the intra-hepatic ducts resembles carcinomas of the extra-hepatic biliary tract and is best classified with them. These groups of tumours have similar microscopic appearances and their separation, which is only based on their anatomical location in the biliary tract, is often arbitrary or impossible when there is widespread tumour involvement due to invasive spread or a wide field of origin.
It is accepted, however, that although hepatocellular and cholangiocellular carcinomas ordinarily present sharply contrasting microscopic features, some turnours may display features of a somewhat intermediate or mixed character. Such appearances are mostly due to the capacity of liver cell carcinoma to exhibit variations in microscopic structure, in particular to assume an alveolar or tubular architecture similar to that of cholangiocellular tumours. The argument that such appearances invalidate the histogenetic distinction between these tumours becomes weak when one considers the microscopic variations which every malignant tumour may exhibit and the structural similarity which is sometimes observed in tumours of widely different origin. Carcinoma of the liver poses an additional diagnostic problem occasioned by the existence of two different tumours in the same organ. In supporting the view that hepatocellular and cholangiocellular carcinomas are structural variants of a homogeneous group of tumours, Berman (1951) argued that liver cells and bile ducts have a common embryological derivation, that the adult cells of one type can change to the other and that it is not unexpected that a similar reaction may take place in carcinoma of the liver. However, embryologists have not agreed on the details of hepatic development and the consensus of opinion is that liver cells and bile ducts have a common embryological derivation but are formed from groups of cells that have separated early in foetal life. Furthermore, it is the adult character of the tissues of origin rather than their embryological derivation which determines the behaviour of tumours and on which classification is satisfactorily based. The transformation of one type of cell to the other is a debatable point; there is no unequivocal evidence of such a change and most writers have agreed that it does not play any significant role in the regeneration of liver tissue. The view that these cells grow independently of each other is supported by experimental findings (Cameron and Oakley, 1934) .
The origin of hepatocellular and cholangiocellular carcinomas from the liver cells and bile ducts respectively is abundantly shown by their microscopic appearances, their association with hyperplastic states of their parent tissues and the occasionally demonstrable transition between the tumour cells and their normal precursors. The findings in this series endorsed the importance of intrahepatic dissemination in the development of multi-nodular tumours but indicated that a genuine multi-focal origin also occurs in many cases. The greater frequency of carcinoma in the right lobe was found to be proportionate to its bulk.
One of the main findings in the present study was the disparity between the immigrant Chinese from South China and the indigenous Chinese of Singapore in their susceptibility to develop liver cell carcinoma. The high tumour incidence in the former group was not observed among the Singapore-born Chinese and, as there is no genetic difference between them, an investigation of changes in their environment or mode of life promises to be fruitful. SUMMARY A summary of the pathological findings in 105 cases of carcinoma of the liver and biliary tract is presented with a review of the histogenesis, causation and distribution of these tumours. It was considered that liver cell carcinoma and carcinoma of the intra-hepatic bile ducts are heterogeneous tumours and that the latter are closely similar to carcinomas of the extra-hepatic biliary tract. It is shown that the high incidence of liver cell carcinoma among the Chinese of Singapore is restricted to the immigrants from South China. 
